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Unconventional Resources, the moon landing mission in
the energy and mineral space

We go deeper and hotter than ever achieved before

The Apollo space programme
cost was given as $25.4 billion,
around $150 billion (£93bn) in
'S money.
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# Industry Take on Unconventional Resources:
== Example Halliburton
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COMPLETION OPTIMIZATION ANALYSIS
MODEL

PETROLEUM SYSTEMS MODELING LT, g - WELLPLACEMENT VALIDATION
PETROPHYSICAL ANALYSIS — STIMULATION VALIDATION
GEOLOGICAL ANALYSIS

GEOPHYSICAL ANALYSIS

RESERVOIR CHARACTERIZATION

an integrated team of geologists, geophysicists, petrophysicists and drilling and
completions personnel
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# Industry Take on Unconventional Resources:
== Example Schlumberger
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—. Geoproc: a hybrid analytical-numerical-
_#  laboratory modeling of multiscale and
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_# Research must think beyond consultancy
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Consultancy definition of unconventional resources are:
* Tight Gas
« Coalbed Methane (CBM)
» Shale Gas
 Shale Qll
* Heavy Oil/Tar sands o
* Methane Hydrates B

Worldwide Hydrocarbon Resources (BBOE)

Tight Gas
7%

cem
12%
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_# The Ultimate Unconventional Resource
- 3700 m deep well in Kakkonda: close to 600° C
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_# The Australian EGS Geothermal Project
@ Conventional Stimulation of hot granites

0.3% of the Moon Landing
budget:

GEODYNAMICS

E
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Reservoir
grows to earl
events —

connection
must have
already been
In place
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Stimulation only
possible on pre-
existing geological
structures

Cut off to the east
means no Stimulation
shallower than 230° C

Seismicity following the
stimulation propagates
well into the ductile
realm down to 7 km
depth
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Key Observations | C isotherm

Fractures only.exist and’Can be stmulated for
temperatures > 2301§ oo

Fractums;dp--not Toropagate into the top of the granite

In excess of 35 MPa fluid overpressure

Fluid equilibrated within pegmatitic granite

Images courtesy of Geodynamics Ltd



—— Empirical laws are not suitable tor
g Hi-T, HI-P
- Unconventional Resources




—=  Dissolution-precipitation creep occurs
-~ when hydrous minerals dewater and long
time scale tectonic drivers are available

uscovite

log (aK")/(aH")
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_# Role of clay?
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' Self healing of brittle fractures
,, X-Ray CT in Boom Clay , a clay clock
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CaCQO, Laboratory experiments
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—— Undeformed marble
Pre-heated
HVR454 (49 MPa, 1.18m s )
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CaCO, = CaO+ CO,




# CaCO; McConnell thrust, Alberta

Kennedy and Logan
Journal of Structural Geology
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¥ . CaCO; Naukluft, Namibia
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Letters (2012)

« Carbonate dissociation
during earthquakes on
Naukluft Thrust

* ~0.5 — 5m of gritty dolomite
thick laminated

Gritty dolomite fills
hanging wall fractures[™§
and acquires clasts

Hanging wall

Fractured Dolostone,
sandstone and shale

Fault zone:
“gritty
dolomite”
gzt e

< e+ & - -
Thin sharp basal layer of e
| fine-grained, clast-poor B
laminated dolomite

Gradational dolomitized |*
zone in uppermost
footwall limestone

“fast frictional heating_
durin earth%uake slip
provides all the
necessary mechanisms
to explain each textural
and mineralogical
element of the gritty
dolomite we have
described.”

Footwall Limestone

Fig. 2. (A) Outcrop of the Naukluft Thrust “Type Locality” in the Naukluft River (location shown in Fig. 1C). (B) Example of gritty dolomite injection into fracture cutting
footwall partially dolomitized mylonite (photo from ~ 500 m east of outcrop shown in A). (C) Gritty dolomite is ~1.5—2.5m thick at this site. Granular flow has
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= K-feldspar plus H+ dissolves in muscovite plus
~—+ K+ and quartz in aqueous solution
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230° C isotherm

Images courtesy of Geodynamics Ltd



Advanced
Thermo-
Hydro-
Mechanical
Models

Advanced
Thermo-
Hydro-
Chemical
Models

Tier 3

Geochemistry, / Constitutive Alternatives
) Permeability Relations, to Continuum
Tier 2 Evolution EOSs, Approaches
Mechanics

Pore-scale modeling, SPH, DPD, Hybrid DEM-FE/FV,
Lattice-Boltzmann Gridless methods

Mass and
Energy Balance | Field/Reservoir
& Scale Geologic
Observational Problems
Data

Mechanics,
Fluid Flow,
and Heat
Transport

Tier 1

International
Partnership for
Geothermal
Technology




— Our Downunder contribution
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